The green fluorescent protein (GFP) gene was expressed on a plasmid in B. henselae, and GFP-expressing bacteria were visualized by fluorescence microscopy. HEp-2 cells infected with GFP-expressing bacteria were separated from uninfected cells with a fluorescence activated cell sorter. Promoter fusions of B. henselae chromosomal DNA to gfp were examined by flow cytometry, and a B. henselae groEL promoter fusion which induced expression at 37°C was isolated.
Bartonella henselae, a gram-negative, fastidious, rod-shaped bacterium, is the infectious agent responsible for several human diseases including cat scratch disease in immunocompetent hosts and bacillary angiomatosis and bacillary peliosis hepatis in immunocompromised hosts (13, 15) . The domestic cat is the primary reservoir of B. henselae (9, 11, 14) , and the cat flea, Ctenocephalides felis, has been shown experimentally to be the vector in cat-to-cat transmission (2, 10) . Transmission to humans is associated with traumatic contact with an infected cat (15, 19) .
B. henselae interaction with human cells has been investigated in vitro with HEp-2 and HUVEC cell lines (1, 3, 6) . Specific bacterial virulence genes have yet to be identified for this organism due to a lack of genetic tools. Introduction into and maintenance in B. henselae of a broad-host-range plasmid was the first important step toward developing genetic tools (5) . Here we describe a green fluorescent protein (GFP) reporter system that has been instrumental in the study of several bacterial pathogens (20, 22) .
A promoterless gfp gene, gfpmut3 (4), was cloned into the BamHI and SphI sites downstream of the ptac promoter in pCom100, making pANT4 (see Table 1 for descriptions of all strains and plasmids). GFP was expressed constitutively because a kanamycin cassette disrupted the lacI q repressor gene. pANT4 in SM10pir was transferred to 882str via bacterial conjugation. Our conjugal transfer technique was similar to that described previously (5) with these exceptions: cultures were pelleted and washed twice in Luria-Bertani broth for Escherichia coli and RPMI for B. henselae; bacteria were spotted together onto a rabbit blood (RB) agar plate and incubated at 26°C for 2 to 6 h; and exconjugates were selected by streaking them onto RB agar (200 g of streptomycin and 50 g of kanamycin per ml) and incubating them at 37°C in 5% CO 2 . Exconjugate frequencies were approximately 3 ϫ 10 Ϫ4 . Southern blotting confirmed that exconjugates (882-ANT4) maintained pANT4 as episomal DNA with antibiotic selection.
882-ANT4 exconjugates were highly fluorescent when viewed by fluorescent microscopy (Fig. 1a ). An analysis using a FACScalibur cell scanner (Becton Dickinson) showed that 882-ANT4 had a mean fluorescence of 1,000 versus a mean fluorescence 1.5 for 882str (data not shown). However, the 882-ANT4 population lost most of its fluorescence with increasing passage without antibiotic selection, suggesting that GFP overexpression was toxic to the bacteria. We then selected for an 882-ANT4 clone that fulfilled the criteria of maintaining pANT4 stably and keeping constitutive GFP ex- pression in the absence of antibiotic selection. After three consecutive passages on nonselective media, only 5% of the 882-ANT4 population had a mean fluorescence above 700. From this minority population, a single, highly fluorescent clone, 882-ANT5, was selected. After five serial passages on nonselective media, the 882-ANT5 population maintained consistently a mean fluorescence of about 700. Sequence analysis comparing the ptac promoter region in pCom100 to the ptac promoter region in pANT5 (the plasmid isolated from 882-ANT5) revealed a single-base-pair transition in the Ϫ35 consensus sequence from TTGACA to TTGGCA. The gfpmut3 gene sequence in pANT5 was unchanged compared to the original gfpmut3 sequence (4). pANT5 was conjugated into strain JK13str, a more invasive strain for HEp-2 cells (17), creating JK13-ANT5, which constitutively and stably expresses GFP after two passages on nonselective media. By flow cytometry, we could distinguish and separate JK13-ANT5 from nonfluorescent B. henselae (Fig. 1b) . B. henselae was reported to enter HEp-2 cells (1). GFPexpressing B. henselae was used to visualize intracellular bacteria. HEp-2 cells seeded onto glass coverslips were infected with JK13-ANT5 for 2 h at a multiplicity of infection (MOI) of 10, and then the cells were fixed with 3.7% formaldehyde. Polyclonal rabbit anti-B. henselae antibody was added for 30 min, and the cells were washed with phosphate-buffered saline. Then, tetramethyl rhodamine B isothiocyanate (TRITC)-conjugated anti-rabbit antibody was added for 30 min, and the cells were again washed. Only extracellular bacteria were labeled with antibody because the cells were not permeabilized. JK13-ANT5 bacteria inside cells were visualized easily by fluorescence microscopy (Fig. 1c) .
GFP-expressing B. henselae could be used as a fluorescent marker for separating infected cells from noninfected cells with a fluorescence-activated cell sorter (FACS). HEp-2 cells were infected with JK13-ANT5 at a MOI of 10 for 2 h. Whole cells were resuspended in RPMI (5% fetal calf serum), and infected cells were separated from uninfected cells with the FACStar cytometer (Becton Dickinson) (Fig. 1d) .
Little is known about B. henselae gene regulation and expression. To identify constitutive and inducible B. henselae promoters, a promoterless GFP vector, pANT3, was constructed from pRS201. A promoterless gfpmut3 gene was cloned into the PstI and EcoRI sites of pRS201, and the streptomycin resistance gene was partially removed by exonuclease deletion. A B. henselae promoter library was generated by cloning Sau3AI fragments (0.4 to 1.4 kb) of JK13 chromosomal DNA into the BamHI site immediately upstream of the promoterless gfpmut3. This library, in DH5␣, was conjugated into JK13str as described above, with the addition of the helper plasmid pRK600 in DH5␣. By FACS analysis, 1.33% of the library was found to be fluorescent, indicating that some DNA fragments contained constitutive promoters. Three clones, Bhcon-1, Bhcon-2, and Bhcon-3, expressed GFP at varying levels of fluorescence, as measured by flow cytometry (Fig. 2) . Bhcon-1, Bhcon-2, and Bhcon-3 maintained their fluorescence when passaged on nonselective media. A sequence analysis of these three fragments showed no homology to sequences in the GenBank database.
We then used the B. henselae promoter library to identify inducible promoters by differential fluorescence induction (21) . In accordance with this technique, promoters that were activated at high temperature were selected as follows. The library population was grown at 26°C for 4 weeks and shifted to 37°C for 24 h, and bacteria expressing GFP were sorted by flow cytometry and plated on RB agar. This sequence was repeated to amplify clones carrying promoters that were activated only at high temperature. Most clones expressed GFP constitutively. However, one clone, BhGroEL, had a low level of GFP expression at 26°C but when shifted to 37°C experienced a fivefold increase in mean fluorescence (Fig. 3) . A sequence analysis of the 500-bp insertion fragment showed that a 117-bp partial open reading frame adjacent to the GFP junction was 99% identical to the 5Ј region of the gene encoding Bartonella heat shock protein GroEL (7) .
The stable expression of GFP in B. henselae provides a useful method for studying the interactions of B. henselae with different cell types in vitro and in vivo. Animal studies, especially, will benefit from the stable GFP-expressing B. henselae. In addition, we have been able to identify a differentially expressed B. henselae gene by the differential fluorescence induction technique (21) . We hope that these new genetic tools will help identify B. henselae virulence genes and that the pathogenesis of the organism can be studied more easily.
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